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ABSTRACT 

When a fluorescent crystal is fractured impulsively then 
initially the ML intensity increases linearly with time, 
attains a maximum value l m at a particular time t m and 
later on it decreases exponentially with time. When a 
phosphorescent crystals is fractured impulsively then 
initially the ML intensity increases linearly with time, 
attains a maximum value l m at a particular time t m and 
later on it decreases initially at a fast rate and then at a slow 
rate . The peak ML intensity I m increases linearly with the 
impact velocity, the total ML intensity I T initially increases 
linearly with the impact velocity and then it tends to attain a 
saturation value for higher value of impact velocity. For low 
impact velocity the value of t m is constant , however , 
for higher impact velocity t m decreases logarithmically 
with the increasing impact velocity . On the basis of 
generation of rate of crack and the generation of new surface 
area crystals, expressions are derived for the ML intensity 
and they are found to explain satisfactorily, the different 
characteristic of ML. 

Keywords: fractomechanoluminescence, phosphorescent 
crystals. 
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INTRODUCTION 

The mechanism of fracto ML 
induced by charging of the newly created 
surfaces during fracture may be understood 
with respect to the following steps (Chandra 
et al. 2008) : (i) The charging of newly 
created surfaces produced during fracture 
takes places. (ii) The intense electric field 
produced between the walls of cracks may 
excite the surrounding gas molecules by 
electron bombardment. (iii)If there is total 



transfer of energy from the excited gas 
molecules to the luminescence centres or the 
light produced due to gas discharge is 
absorbed completely by the crystals, then 
only the solid state will be produced. 

Theory 

The rate of creation of new surface 
dS/dt due to the fracture of a crystal into 
crystallites can be expressed as 



g = bZ 0 v( m+m ')K 0 (n + n- n")|exp[-0;+ y )t][g {1 - exp (-^t)}]"^'-""- 1 (1) 



where 

b - a constant, Z 0 = proportionality 
constant, V = volume of crystals 
m = an exponent, m' = an exponent, 
K 0 =a constant, n=an exponent 
n' = an exponent, n" = an exponent, 
i? 0 = initial velocity of piston 
H = thickness of the sample, 

F = — - rate-constant for the relaxation of 
moving piston 

T r = time constant for the relaxation of 
moving piston 

and, y = rate constant for the decrease of 
average surface area produced by the 
movement of single crack. 

Based on the detrapping of 
dislocation captured electrons by the 
electrostatic field produced by the charged 
dislocation, expressions are derived for the 
transient ML intensity I, rise of ML intensity 
I r , ML intensity I m for the first peak, time t m 
for the first peak, temperature dependence of 
ML, colour centre density dependence of 



ML, crystal size dependence of ML, total 
ML intensity I T , fast decay of ML intensity 
I d and for the slow decay of ML intensity I ds . 
A comparison made between the 
experimental and theoretical results indicates 
a good agreement. The expressions derived 
are given below: 

I = WQ= [expR'O - exp(-at)] (2) 

_ r]abZ 0 VK 0 pv 0 t 

(4) 



_ 1 faff[l-exp(-5v 0 )]1 



a L 



v 0 



Im = = nbZ 0 AK 0 pv 0 (5) 



I T = r]bZ 0 VK 0 p[l - exp(-5v 0 )] 



(6) 



I d =/ m exp[-£(t-t m )] 
and, 

Ids = Uso exp [- = l dso exp[-;r(t - O] 

(8) 
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Fig. 1 shows that when a fluorescent 
Cinchonine Sulfate crystal is fractured by 
the impact of a moving crystal, then initially 
the ML intensity increases with time, attains 
a peak value and later on it decreases with 
time. These results are in accordance with 
Eq. (2). Fig. 1 shows that initially the ML 
intensity I increases linearly with time t. 
This result follows Eq. (3). 

Fig.2 shows the effect of temperature 
on the time dependence of the ML intensity. 
The value I m and the total ML intensity 
decreases with the increasing temperature. 
The time corresponding to the peak of the 
ML intensity versus time curve decreases 
slightly with the increasing temperature of 
the crystals. 

Fig. 3 shows that the plot between t m 
and In (1000/v 0 ) is a straight line with a 



positive slope. The dependence of the t m of 
(Et 4 N) 2 MnBr 4 crystals on v 0 is also similar 
to that of Cinchonine Sulfate crystals. Such 
result is expected from Eq. (4). 

Fig. 4 shows that the value of I m for 
Cinchonine Sulfate and (Et 4 N) 2 MnBr 4 
crystals increases linearly with impact 
velocity. This result follows Eq. (5). 

Fig. 5 shows that the total ML 
intensity I T initially increases with the 
impact velocity and then it tends to attain a 
saturation value. These results are in accord 
with Eq. (6). For the phosphorescent crystals 
(Et 4 N) 2 MnBr 4 I T was determined by 
extrapolating the decreasing part of the ML 
intensity after t m , in which the 
phosphorescent emission was neglected. 




Fig. 1 Time dependence of the ML intensity of 2.1x1.9x1.5 mm 3 Cinchonine Sulfate crystals 
(Curves I, II and III corresponds to the impact velocity 126, 210 and 378 cm/s respectively) 

(After Chandra & Zink 1981) 
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Fig. 2 Effect of temperature on the time dependence of ML of (Et 4 N) 2 MnBr 4 crystals (Curves I, II and III 
correspond to the temperatures 295K, 346K and 403K, respectively at impact velocity of piston=378 cm/s) 

(after Chandra et al. 1986). 
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Fig. 3 Plot of t m versus In (1000/v 0 ) for Cinchonine Sulfate acid crystals of size 2x2x2 mm" . 
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Fig. 4 Dependence of peak ML intensity I m on the impact velocity v 0 for Cinchonine Sulfate acid and 
(Et 4 N) 2 MnBr 4 crystals of size 2x2x2 mm 3 (after Chandra & Zink 1981). 




Fig. 5 Dependence of total ML intensity I T on the impact velocity v 0 for Cinchonine Sulfate acid and 
(Et 4 N) 2 MnBr 4 crystals of size 2x2x2 mm 3 (after Chandra & Zink 1981). 
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CONCLUSION 

A good agreement is found between 
the theoretical and experimental results. The 
fracto-ML induced by impulsive 
deformation of crystals may be useful in 
providing scientific background to the 
damage sensors; fuse systems for army 
warheads, fracture produced by milling 
machines, crushers, hammers, etc. It may 
also provide a sensitive optical tool for 
studying fracture-dynamics in microsecond 
and nanosecond ranges. Furthermore, the 
study of fracto-ML of crystals, especially the 
geological crystals, may be helpful to 



understand the earthquakes and earthquake 
lights. 
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